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SUMMARY

Two identically constructed 2024-T3 aluminum-alloy multiweb-wing
structures, models MW-2-(2) and MN-2-(3), were tested under aerodynamic
conditions similar to those encountered in supersonic flight at a Mach
number of 2. Model MW-2-(2) was tested four times at an angle of attack
of 0° and once at an angle of attack of -2° before experiencing a static-
type failure at an angle of attack of 2°. Model MW-2-(3) was tested at
angles of attack of 0° and -2° and survived both tests with no visible ,
damage. The models were instrumented to obtain temperatures, pressures,
and strains. In general, temperature and pressure data were in good
agreement with calculated valu~s; strain data were used only to provide
frequency and phasing information and to help reconstruct model behavior.
High-speed motion pictures provided a pictorial record of the model
behavior.

INTRODUCTION

As part of an investigation of the effects of aerodynamic heating
on’aircraft structures, the Structures Research Diviston of the Langley
Laboratory is testing multiweb wings under aero@amic conditions simi-
lar to those encountered in supersonic flight. The first multiweb wing,
model MW-1, experienced a dynsuic failure; details of the test results
and failure are.presented in reference 1. The second multiweb wing,
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model MW-2, was essentially a ~- scale version of model MW.1, and the

third multiweb wing, model MW-3, other than having a thicker skin, was
similar to model MW-2. Model MW-2 experienced a partial dynamic failure
at an angle of attack of 0°, whereas model MW-3failed statically at an
angle of attack of ~“ after surviving four tests at smaller angles of
attack; the results of the tests on these two models tie discussed in
detail in reference 2.

Test results of four additional multiweb wing structures are pre-
sented in reference 3. Each 03 these models-varied from model MW-2 by
either a reduction in tip-bulkhead thiclmess, the inclusion of ribs, the
inclusion of ribs combined with a reduction in skin thickness, or a change
in material. Of these four models only the one with the reduced tip-
bulkhead thickness failed. Thus, the results of the tests on the first
seven models indicate that mfnor structural modifications to model MW-2
can either prevent or precipitate failure when tested ,atMach 2 sea-level
conditions and, therefore, that model M-2 is a marginal wing structure
under these test conditions.

In order to obtain additional information on the behavior of the
MW-2-type structure and on the failure of the original model, duplicat~
models were built and tested. The present paper discusses in detail the
test results of two such duplicates, models MW-2-(2) snd MW-2-(3). SIX

tests were made on model MW-2-(2): four tests at an angle of attack
of 0°, one at -2°, and one at 2°. Two tests were made on model MW-2-(3):
one at an angle of attack of 0° and one at -2°. -—

SYMBOLS

??
specific heat of air, 13tu/(slug)(~)

Pm - Pm
CP pressure coefficient,

%

h heat-transfer coefficient,
noted

\
Z’isi distance along model chord

I!ist Stanton number, h/cpPV

P pressure, lb/sq in. abs

.
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Btu/(sq ft)(sec)(%’), except as
——

from leading edge, ft

. . . .-

q dynamic pressure, lb/sq in. 4“
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Subscripts:

o

t

m

Reynolds number, Pv2/!.4

time from start of air flow, sec

temperature, %?

velocity of air, ft/sec

absolute viscosity of air, slugs/(ft)(sec)

density of air, slugs/cu f%

adiabatic wall

joint conditions

model

initial conditions

tunnel stagnation conditions

free-stream conditions

APPARATUS AND TESTS

Models

The mddels designated MW-2-(2) and MW-2-(3) were duplicates of model
MW-2 (ref. 2); they represented somewhat idealized semispan nmltiweb wings
with ~-percent-thick, symmetrical, circtiar-arc airfoil sections. All
material was 202k-T3 (24S-T3) aluminum alloy except that the rivets were
either 2117-T(17S-T) aluminum-alloy rivets or Huck rivets; steel screws
were used to attach the skins to the tip bulkhead. Each model was can-ti.-
levered from its root bulkhead; the portion of the model containing the
root bulkhead was clamped between steel angles which were in turn attached
to the test stand. Pertinent dimensions and details of construction of
the models sre given in figure 1. The surfaces.of the models were painted
with zinc chromate, and a grid of black lacquer was then added to assist
in viewing the high-speed motion pictures of the model behavior during
the tests.

‘\’i’
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As a result of inaccuracies in fabrication, model MW.2-(2) had
approximately 0.210 “built-in” twist from tip to root and model M-2-(3)
had approximately 0.080 built-in ‘twistfrom tip to root.

Both models were
and SR-4 type EBDF-7D

Instrumentation

instrumented with irofi-constant~ thermocouples
temperature-compensated (n” F to 250° F) wire

strain gages. The instrumentation on model MW-2-(2) consisted of
30 thermocouples and 19 strain gages, as shown in fi~e 2. The ~jor-
ity of the wire strain gages were located near the tip of the model to
obtain data on the phasing and frequency of model vibrations. The
instrumentation on model MW-2.(3) consisted of 12 thermocouples, 7 strain
gages, and 59 pressure orifices, as shown in”figures 3 and k. Ten differ-
ential pressures and 39 pressures were measured by Usl-hgthree types of
pressure-sensing instruments: miniature differential pressure pickups,
pressure transducers, and six-capsule manometers. Th=miniature gages
(those having the highest frequency response) were located in the region
near the tip to obtain information on the frequency of model vibrations.

Supplementary data were obtained from 16-mi.llimet-ermotion-picture
cameras. For each test, motion-picture cameras operating at approximate
speeds of either 600, 1,000, or 1,600 frames per second were used to
record the behavior of the model.

—

The estimated probable errors in the individual measurements of the
tabulated data are as follows:

Stagnation pressure, lb/sq in. . . . . . . v. . . . .–i . . . . +0.7
Stagnation temperatirre,”%?.
Model temperature, OF . . .

Calibration tests showed the

Natural

—
. . . . . . . . . . . . . . . ..O *j

—
. . . . . . .’ . . . . . . . . . . . .

*3.–

Mach number to be 1.99 t 0.02.

Modes and Frequencies — .-

Prior to the aerodynamic tests, models MW-2-(2) and MW-2-(3) were
vibrated at room temperature to determine their natural modes and fre-
quencies. A comparison of the dynamic characteristics of these two
copies with those of the original model MW-2 is desirable, since the
behavior of the copies during the aerodynamic tests differed markedly
from that of the original structure. Although the modes and frequencies
of the original model MW-2 had not been determined, modes and frequencies
of two additional copies of the MW-2 type (models MW-2-(4.)and ~-2-(~))
were obtained and are compared with those of-models W-2-(2) and MW-2-(3) =
in table I.

commmn-u
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.
Two values of frequency are given for model MW-2-(2); the first value

is that obtained before any aerodynamic tests and the second is that
obtained after the first two aerodynamic tests (a cold and a hot test at
an angle of attack of OO). Although model MW-2-(2) survived these two
tests with no visible damage, the lower frequencies obtained indicate
that this type of aerodynamic testing has a tendency to reduce the stiff-
ness of the structure or to weaken the model.

The pressure gages and attendant tubing inside moaelm-2-(3) (fig. 4)
undoubtedly had some effect on the modes and frequencies of this model.
The additional mass of the miniature gages and mounting assemblies located
near the tip of the model tends to lower the modal frequencies; on the
other hand, the considerable amount of tubing leading from the pressure
gages and the orifices to the root of the model contributes a stiffening
effect. The cmbined effects are probably manifested in lower frequencies
and in changes in modes. (Note, for example, that mode E is similar to
mode D.) The net result on the stiffness of model MW-2-(3) of the addi-
tion of the gages and tubing cannot be predicted with certainty, but the
fact that this model apparently experienced fewer modes in the frequency
range shown in table I indicates some overall stiffening effect.

In general, however, the results shown in table I iqly no drastic
changes in stiffness from model to model. It should be kept in tind that
these results were obtained without heating and without the presence of
thermal stress, such as would be encountered in the aerodynamic tests.

Description of Tests

The aerodynamic tests were made at the Langley Pilotless Aircraft
Research Station at Wallops Island, Vs., in the preflight $et, a blow- ‘
down wind tunnel in which models are tested in a free jet at the exit
of a supersonic nozzle. Additional information on the characteristics
of the preflight jet can be found in the appendix of reference 2. Each
mcdel was mounted vertically in the jet (root downward) tith its leading
edge 2 inches downstream of the nozzle-exit plane. During each test a

flat plate or fence surrounded the model approximately 19~ inches below

the model tip so that the fence projected 1/8 inch above the lower jet
boundary and shielded the supporting structure from the airstresm. (See
fig. 5.)

Eight tests were made on the two models at a Wch nuniberof 1.3.
All were hot tests, 474° F STt ~ ~0° F, except for one cold test,

Tt = 89° F. The stagnation temperatures approached test values within

1 second after the beginning of air flow.Q For all hot runs, the stag-
nation pressure of approximately 115 lb/sq in. abs was attained in

CONFIDENTIAL
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2 seconds or less after the start of air flow from the nozzle and then
fluctuated about this value until approximately 11 seconds. However,””
for the cold run the stagnation pressure attained wa~ approximately
10l,lb/sq in. abs. Test time was reckoned from the time air began to
flow out of the nozzle, and test conditions were considered to exist
whenever the stagnation pressure equaled or exceeded 100 lb/sq in. abs,
except that for the last test on model W-2-(2) when failure occurred,
test conditions ended at the time of failure. Detaiikd test conditions
are given in table II.

—
.

—

Six tests were made on model MW-2-(2), four at an angle of attack
of 0°, one at -2°, and one at 2°; two tests were made on model MW-&(3),
one at an angle of attack of 0° and one at -2°. !lhe-”~le of attack was .-

obtained by rotating the model about a point 1* inches downstream of the

trailing edge - a clockwise rotation of the model, when viewed from the _
tip, indicates positive angle of attack. In both mo@ls the built-in.
twist was in the direction of positive angle of attack; consequently for
model MW-2-(2) the air loads were greater at an angle of attack of 26

than at -20. The a~signed angle of attack for each of the eight tests
on the two models is presented in table II. pressure-swere not measured
on model MW-2-(2) and, consequently, angles of attacl&could not be ccm+
puted. However, on the two tests of model MM-2-(3) a check was made on
the angle of attack by using the experimental pressure in con@nction
with the calculated pressures determined for various-angles of attack.
Calculated pressures were obtained by using the slope found from meas-

.

ured model ordinates and by using second-order, small-perturbationtheory;
the pressures in the region affected by the model tip were modified in
accord with the method of reference 4.

.
The arithmetic average of the

computed angle of attack for run 1 was -O.1° and for--run2 was -2.1° as
compared with assigned values of 0° and -2°, respectively.

Tunnel Stagnation Pressure smd Temperature

Stagnation pressure.- A typical variation of sta~ation pressure-with
time is shown in figure 6(a). The values reported in table II are average

-.

stagnation pressures during test conditions (pt > 100 lb/sq in. abs)
except that for run 6 on model MW-2-(2) the stagnation pressure is an
average from the beginning of test conditions until failure.

Stagnation temperature.-A typical variation of stagnation temper== “
ture with time is shown in figure 6(b). Except for runs 5 and 6 on
model MN-2-(2) (the last two tests made in the group of eight tests on
the two models), the stagnation temperatures reported in table II were
obtained by integrating, during the time of test conditions, the average
temperature of the probes located just downstream of-tie model (fig. 5).
However, pressure measurements on model MW-2-(3) indicated that the bow

f.
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.
waves formed by the two probes interfered with the shock waves at the
trailing edge of the model and affected the pressure distribution; hence,

“ the probes were removed frotuthe fence after the tests onmodel W-2-(3)
but before runs 5 and 6 on model MW-2-(2). Since probe temperatures were
not available for these two runs, the stagnation temperatures reported
were obtained by integrating the arithmetic average temperature of selected
thermocouples located upstream of the nozzle during the period of test con-
ditions for run 5, and frcm the beginning of test conditions until failure
for run6. Data from model and survey tests indicated that averages from
these selected thermocouples are in fair agreement with averages tiom the
probe thermocouples.

RESULTS AND DISCUSSION

During the
decreased.,some

Model Temperatures

cold run, run 1 of model MN-2-(2)j all model temperatures
as much as 220 F, from the initial temperature. These

temperat~e decreases were expected since the initial ~emperature was
approximately that of the stagnation te~eratue, 89° F, and the adiabatic-
wall temperature was approximately 30° F lower.

. Test temperatures for the hot runs on models MW-2(2) and MW-2-(3)
are given in tables III and IV, respectively. Plotted in figure 7 are
some temperature histories for run 3 of mcdel MW-2-(2) that are typical

. of the measured temperatures for both models exce~t that the only inter-
ior te’bperatureobtained in model M-2-(3) (thermocouple 3) appears to
be somewhat low; this lower temperature could be the result of poor joint
thermal conductivity. The results shown in figure 7 illustrate the”
effects of heat conduction from the skin to the interior structure of
the model. The tests were of insufficient length to produce steady-
state temperature conditions.

Test data show that skin temperatures decreased across the model
chordwise from leading edge to trailing edge and spanwise from tip to
root. The lower temperatures near the root of each model are probably
due to the effect of the parabolic-like stagnation-temperatureprofile.
As indicated in the appendix of reference 2, the maximum stagnation
temperature near the center of the jet airstream can exceed the tempera-
ture at the edge by approximately 100° F.

Temperature histories for the solid leading edge and for the skin
and web combination just forward of the midchord, for test runs 2 and 3
on model MW-2-(2), were c4culated in a manner similsr to that employed

t in reference 2 (calculation B). In the calculations the structure was
assumed to be integral and hence joint effects were neglected. Values

commmTIAL
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of the heat-transfer coefficients used in the calculations were deter-
mined from local flow conditions and Stanton numbers which were calcu-
lated by using the turbulent theory presented by Van Driest in refer-
ence 5 for values of skin temperature equal.to the local stream
temperature. Values of the adiabatic-wall temperature used in the
calculations were obtained by using local flow conditions and turbulent
recovery factors (cube roots of the Prandt~ numbers as determined by
local stream temperatures). The results, in the form of temperature_
distributions at 3 and 8 seconds, are presented for the leading-edge
section in figure 8 and for the skin and web conibinationin figure 9,
with the corresponding experimental values.

.

“

Figures 8 and 9 indicate that the overall agreement between calcu-
lated and experimental temperatures is,

—
in general, fairly good although

the interior temperatures in the thickest part of the solid leading-edge
section are lower than those predicted by theory. The lower test temper-
atures in this section are probably caused by the joint between the s~n .
and the solid leading-edge section which restricts the flow of heat from -
the skin to the interior.

Stanton Number

Test values of Stanton number were determined from local flow con-
ditions and from experimentally determined heat-transfer coefficients
for each of the skin thermocouple locations not influenced by heat con-

.

duction and not in a region of low stagnation temperature. The experi-
mental heat-transfer coefficients were obtained by the method of refer-
ence 1 wherein the coefficient at a given location is assumed to be a

.

constant during the period of test conditions. The Stanton numbers are _
pl”ottedagainst local Reynolds nunibersin figure 10 for all the hot runs
on models MW-2-(2) and 107-2-(3).

Theoretical values of Stsmton number were obtained by use of local
Reynolds numbers and Mach numbers from the turbulent-flow method pre-
sented by Van Driest in reference 5. Van Driest’s tithed for calcu-
lating the Stanton number assumes that the heat-transfer coefficient is
a function of the skin temperature and, hence, that the heat-transfer
coefficient varies during a test. BY cal@U2.stingvalues of Stanton
number for the skin temperature equal first to the local stream temper-
ature and then to the local adiabatic wall temperature, a band is formed
which encompasses the assumption of a constant heat-transrer coefficient
embodied in the experimentally determined Stanton number and within which
the experimental Stanton numbers should fall if good agreement between
theory and test is to be obtained. Since the majority of the experi.-
mental data pertain to-an angle of attack of 0°, the theoretical data
are presented only for this angle of attack. A change in angle of attack t

corrmmm
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.

.

.

.

of *2° results in a change of approximately +2 percent in the theoreti-
cal Stanton number. The effect of the painted model surface on the heat-
transfer coefficient is believed to be negligible (ref. 3) and hence was
not included in any of the calculations.

As indicated in figme 10, values of Stanton number determined from
experimental heat-transfer coefficients are in fair agreement with the
theoretical values. The probable error in the test values of Stanton
nuriberwas estimated to be *5 percent.

Model Pressures

Expertientsl and theoretical pressure distributions on
are compared in figures 11 and 12 for an angle of attack of

mcxlelMW-2-(3)
0° and in

figures 13 and 14 for an angle of attack of--20. Experimental pressure
distributions in the form of pressure coefficients are arbitrarily shown
for only one time, 5 seconds, since the pressure coefficient iS essen-
tially a constant during the period of test conditions. Based on the
probable error in the measured pressures, the pressure coefficients
determined from the miniature differential gages may be in error by*O.010
and, from the other gages, by kO.002. Theoretical press- distributions
were calculated by using second-order, amsll-perturbation theory, with
the pressures in the region influenced by the wing tip modified in accord-
ance with the method of reference 4.

Except for the trailing-edge pressure coefficients at stations ~

and 14 inches from the tip, which were affected by interference of the
8

bow waves off the probes with the shock waves from the trailing edge of
the model, the calculated smd experimental pressure-coefficient distri-
butions are in fair agreement for both tests.

Model Strains

The purpose of instrumenting the models with wire strain gages was
to obtain data on the phasing and frequency of mdel vibrations and
possibly to obtain some data on the distribution and magnitude of the
thermal stresses. Although the amplitudes of vibratory strains were
damped considerably beyond 60 cycles per second (at 220 cycles per second
the
the
and
the
the

amplitude indicated~ the gages was only about 0.2 true amplitude),
tire strain gages me believed to have yielded reliable frequency
phasing information. However, because of strain-gage failure after
first two tests on model MW-2-(2), phasing information concerning
flutter of this model was obtained from the motion pictures.

1

coNFIDmm



The EE?DF-7Dgages are temperature-compensatedbetween no F and
.

250° F; however, beyond 250° F, in addition to the true strain trsm-
mitted from the structure, the gages experience a large indicated strain

.
.

which is due solely to the increase in temperature. Hence, in order to
obtain the true strain, a correction must be made whenever the gage tem-
perature exceeds 250° F. This correction, which is difficult to assess
accurately under the aerodynamic test conditions, is especially large
at temperatures above 300° F, a temperature “whichmos~of the gages
exceeded during the hot runs. Furthermore, in order to convert the true
strains to stresses, especially in the skin, a two-dimensional state of
stress should be assumed and, although gage~were plac~d at right angles
to each other for this purpose at three locations on model MW-2-(2),
strain-gage failure was such that results were obtainable at only two —

of these stations, and then only for the cold run and part of the first ““” “-
hot run. Because of these and other uncertainties involved in obtaining
stresses from the strain data, no stress data are presented.

Behavior of Model”MW-2-(2)

Runs 1 to 5.- The first five runs on model MW-2-(2) consisted of
four tests at an angle of attack of Oo, including one.cold run, and one . ‘--
at an angle of attack of -2°. The first test was rur.cold to see if
the failure of the original model MW-2 was due entirely to thermal
stresses; however, since model MW-2-(2) survived the cold test and four
of the following hot tests, the results are inconclusive.

9

At random intervals during run 1, the cold run, aiiiithen on run 2“-
—
6

short’i.ybefore the end of test conditions, beginning at 10.7 seconds and
lasting for about 0.9 second, the model experienced.small-amplitudetor-
sional flutter at 120 cycles per second. Starting at 10.2 seconds,
about 1.7 secohds before the end of test conditions on run 3, the model
fluttered for 1.3 seconds with large amplitudes at 2k0.cycles per second”
the front half of the model (from the root to within 2 inches of the tip~
fluttered in phase with the last quarter of the model (from the tip to
within 2 inches of the root) while the tip pivoted about a point close
to the trailing edge. The greatest deflections appeared to occur at the
leading edge. Approximately 0.2 second before the end of test conditions
the flutter became torsional.

During the test at an angle of attack of -2°, run 4, the model exper-
ienced small-amplitude flutter at a frequency of approximately 36o cycles
per second throughout the period of test conditions; however, because
flutter was present before the model had experienced substantial tempera-
ture increases and because the characteristics of the flutter remained
essentially constant throughout test conditions, aerodynamic heating
apparently did not cause or influence the flutter. t

CONFIDENTIAL —-
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Again, on run 5 at an angle of attack of 0°, the model fluttered at
a frequency of 230 cycles per second in the same manner as on run 3, but
in this test the flutter started at 8.8 seconds, 2.6 seconds before the
end of test conditions, and continued on into the shutdown phase. The
fact that flutter of this type was not present during the first hot run
at an sngle of attack of 0° (run 2) but was present on the second and
third hot runs at an angle of attack of 0° (runs 3 and 5) might indicate
a reduction in model stiffness possibly incurred by loosening of some of
the riveted joints. This type of flutter was probably brought about by
a reduction in effective stiffness due to thermal stresses induced by
aerodynamic heating and a change in material properties due to the tem-
perature level.

Model MW-2-(2), a copy of model l@7-2and tested under similar aero-
dynamic conditions, was expected to behave similarly; at an angle of
attack of 0° model MW-2 experienced a partial ~c failure brought
on by aerodynamic heating which caused a reduction in stiffness of the
model, skin buckling, and flutter (see ref. 2). The fact that
model MW-2-(2) did not behave in such a msnner and survived all tests
at an angle of attack of 0° even though it was subjected to higher test
temperatures probably indicates that the the?xml stresses due to the
nonuniform temperature distribution were smaller in model MW-2-(2) than
in model MW-2.

The thermal stress at any point in the structure is, in part, a
function of the difference in the temperature at that point and the
average temperature of the structure. Because the average temperature
was not available, the difference between the maximum temperature in
the skin and the minimum temperature in the web, an indication of the
thermal stress, was obtained for the same skin and web combination for
the two models. The maximum skin and minirm.unweb temperatures are pre-
sented in figure l~(a) and the temperature differences are presented
in figure 15(b). Although shown for only one skin and web combination,
the results are typical of those obtained elsewhere in the models. As
shown in this figure, model MW-2-(2) experienced considerably smaller
temperature differences from skin to web and, consequently, smaller
thermal stresses than modelfMW-2.

The larger temperature difference experienced by model MW-2 was
apparently fiausedby lower joint conductivity. Although references 6
and 7 discuss some effects of joint conductivity on the temperatures
and thermal stresses in skin-stiffener ccwibinationssimilar to those of
the multiweb wings, values of the necessary parameters obtained from the
tests were not in good agreement with those of either reference, espe-
cia~ reference 6. Thus, in order’to obtain info-tion as to the
magnitude of the thermal stresses involved, theoretical calculations for
the temperature distribution throughout the skin-web combination under
discussion were made in a manner similar to that used in reference 2

coNJ?IDmIAL
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(calculation B), except that values of joint conductivity ranging f%orn “_
zero to infinity were used in the calculations. The curve of figure 16
for the maximum temperature difference as a function of joint conduc- . -—

-.

tivity was established--fromthese calculations. The maximum temperature
differences experienced by the two models would inter6ect the curve at

.

the two locations shown; estimated thermal”ktresses fbr these two values -
of jeint conductivity indicate that the maxirmxnskin and web thermal
stresses for model MW-2 were approximately 10 and 31-percent, respec-”
tively, above the corresponding stresses for model MW-2-(2). The approxi-
mate manner in which these stresses were obtained and the fact that they
are based on various simplifying assumptions indicate that the values
given merely reflec$ the overall relative qagnitude ci”intensity of the
induced thermal stresses. It can be seen, however, that joint conduc-
tivity has a definite effect on the thermal stresses ~nd therefore on

—

the effective stiffness of a structure.
-. .

run ~“;ttack of 2°.
The failure of modelMW-2-(2) occurred during

At approximately 1..9seconds, or
about 0.2 second after the beginning of test”conditions, the model began
to flutter with small amplitudes at frequeticiesbetweeq 360 and 400 cycles

.-

per second. The model continued to flutter in this f&equency range and
in an upright postion after 1.9 secoiidsunt~ failure.=occurredat 8.59 sec-
onds. The motion pictures indicate that during this period a buckle grad-
ually developed in the skin near the root and that prior to failure the
buckle extended over about the central third of the chord. At 8.59 seconds .
the model wrinkled completely across the chord near the root (just aboye
the aero@amic fence) and collapsed to a position such that the model
made about a 30° angle with the fence, as shown in figure 17.

.-
4

The.failure of the model was probably the result of a combination
of factors. The repeated testing wherein the model had undergone violent -.
vibrations during the starting and shutdown phases of the jet had a ten-
dency to weaken the structure. In addition, because of the amount and
direction of built-in twist, model MW-2-(2)_was subjected to root-bending
stresses approximately 9 percent higher at an angle of attack of 2° than
at -2°. Although the model fluttered until Yailm?e, t–heflutter was not
violent and probably contributed very little t-othe failure. Superimposed
on these conditions was aerodynamic heating, with the accompanying reduc-
tion in effective stiffness due to thermal stresses induced by the non-
uniform heating and reduction In modulus of elasticity due to the tempera-
ture level.

Behavior of Model MW-2-(3) ~

Model MN-2-(3) was tested at angles of attack of 6° and -2° and
survived both tests with no visible damage.Tl?lutterwas not apparent
during test conditions at an angle of attack of OO. However, starting

CONFIDENTIAL
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at 9.1 seconds, about 2.3 seconds before the end of test conditions for
the test at an angle of attack of -20, the model fluttered for 2.5 seconds
with a high-frequency, small-mnplitude nature snd although the miniature
gages had been located in such a way as to obtain the frequency of model
vibrations, those recorded by these gages were of such random nature that
no frequencies could be obtained. Although not present until late in the
test and therefore probably the result of aerodynamic heating, this flut-
ter appeared tobe the same as that experiencedby model MW-2-(2) during
the two tests at an angle of attack; however, the flutter experiencedby
model MW-2-(2) was evident from the beginning of test conditions and there-
fore was probably independent of any aerodynamic heating.

The miniature gages and pressure tubing located inside model MW-2-(3)
(fig. ~) undoubtedly added to the mass of the structure, probably changed
the effective
these factors
the l@l-2-type

stiffness, and thus affected the
may have been influential in the
wing.

behavior of the model;
survival of this copy of

CONCLUDING REMARKS

Eight tests were made on two duplicate aluminum-slloy multiweb wings,
models MN-2-(2) and MW-2-(3), in order to obtain additional information

. on the behavior and failm?e of the original MW-2-type wing. These wings
were tested under aerodynamic conditions similar to those encountered in
supersonic flight at a Mach nuder of 2, and model temperatures, pressures,

k and strains were measured with the folloting results:

The results of previous tests on the model MW-2 type structure indi-
cated that the model was a marginally safe structure in that modifying
the structure by using a light tip bulkhead would result in failure
whereas additional stiffness gained by using a thicker skin or a stronger
material, or by adding internal ribs would prevent failure. The tests
reported herein again indicate that the model is a marginally safe struc-
ture in that construction details, such as joint conductivity and
“built-in” twist, csn also influence the safety.

Model MW-2-(2) survived five tests at @es of attack of 0° and -2°
before failing at an angle of attack of 2°, whereas the original model MW-2
failed dynamically at an angle of attack of OO; the only apparent differ-
ence in the two models was in the thermal conductivity of the joints.
Model MW-2-(2) had higher joint conductivity than model MW-2, with the
result that the induced thermal stresses and resulting loss in effective
stiffness were smaller and allowed model MW-2-(2) to survive several
tests similar to the one in which model MW-2 failed.

b

. comrDENTm
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Model MW-2-(2) failed statically at an angle of attack of 2° because -
of weakening of the structure brought about by repeated testing, stiffness
losses caused by the aerodynamic heating, and aerody&aic loading. The

—

failure occurred at an angle of attack of 2° instead of -2° because
.

“built-in” twist in the model caused the aerodynamic loads to be about
.—

9 percent higher at the positive angle of attack.

Model MW-2-(3), whose mass and stiffness were affected by the pres-
sure gages and tubing inside the model, survived hot runs at angles of
attack of 0° and -2° with no visible damage.

During seven of the eight tests the models experienced aerodynamic
heating. Calculated temperature distributions in the leading-edge section
and In one skin and web combination for runs 2 and 3 of model MW-2-(2)
showed good agreement with the experimental temperatures. Stanton num-
bers calculated by using the turbulent theory presented by Van Driest-
were in fair agreement with the talues of the Stanton numbers determined
from the experimental heat-transfer coefficients of the seven hot tests.

Calculated pressure distributions, based on second-order, small-
perturbation theory, with modifications made to the pressures in the
region influenced by the wing tip, were in good agreemknt with the exper-
imental pressure distributions on model MW-2-(3).

Strain data could be-used only to provide frequency and phasing
information and to help reconstruct model behavior.

Langley Aeronautical Laboratofij
National Advisory Committee for Aeronautics,

Langley Field, Vs., August 6, 1957.

w
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TABLEIII.- mWEMmHW m 141DELJ!%2-(2)
. .
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.

. TABLE IV.- TEMPERATURES FOR MODEL MW-2-(3)
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Figure 1.- Details of multiweb wing models MW-2-(2) snd MW-2-(3). All
dimensions sre in inches. .
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.

“ Figure h.-View of model MW-2- ( 3) imtrumentat ion. L-83(363
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*
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Figure 5.- Model in place at nozzle exit prior to test. (Stagnation-
temperature probes can be seen behind model.)
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Figure 7.- Temperature histories of skin and web combination on model
MW-2-(2), run 3.
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Figure 8.- Temperature distributions of leading-edge section on model
MW-2-(2) at an angle of attack of OO.
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Figure 12.- Spsmntse pressure-coefficient distributions on model
MW-2-(3) at an angle of attack of OO.
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Figure 14.- Spanwise presswe-coefficient distributions on model
MW-2-(3) at an angle of attack of -2°.
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Figure 17. - Model MW-2-(2) after failure. L-57-2732
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